It is difficult to predict the dynamics of systems which are nonlinear and whose characteristic is unknown. In order to build a model of the system from input and output 13 data without any knowledge about the system, we try automatically to build prediction model by Genetic Programming (GP).
Introduction
Most systems in the real world are essentially nonlinear and time-dependent. 1 We
23
are sometimes required to deal with systems whose input and output are known but the mechanism is unknown. Artificial Neural Networks (ANN) and polynomials are 25 two methods for global modeling. 9 But both cannot give simple and elegant model representations. Essentially speaking, they are more appropriate to be regression 27 and approaching tools than modeling tools. They are less powerful in revealing the system dynamic laws and are difficult to integrate with the pre-discovered 29 knowledge on nonlinear systems.
7
This paper presents a genetic programming (GP) model which has been one 31 of research interest in modeling high energy physics and in automated re-invention of six patented optical lens systems. 8, 11 As well, GP 7 have succeeded in the field of 33 automatic define function. 2 Oakley used GP to evolve equations to fit the chaotic time series produced by Mackey-Glass equations. 3 Iba, Kurita, de Garis and Sato
35
used GP for system identification problems. fiber as a function of wavelengths λ at different temperature T but they cannot temperature while the output is the refractive index.
The following sections provide a brief introduction to the two-pole Sellmeier 5 dispersion formula, GP, describe the selected GP structure and discuss the results.
Two-Pole Sellmeier Dispersion Formula

7
An accurate dispersion formula (find the refractive index n) that can be applied over a wide range of wavelengths λ is the two-pole Sellmeier dispersion formula in
λ is the wavelength measured in micrometers. Here A, B, C, D, and E are called the dispersion parameters of the fiber core materials (E does not depend on wavelength 13 or temperature). In Ref. 10, they applied the two-pole Sellmeier dispersion formula to the core 15 of the fiber at different room temperatures as in Table 1 . My proposal is to find a function which represents the refractive index n(λ, T ) depending on wavelengths
17
and temperature. The function should prove to be a better match for experimental data (i.e., less than the experimental error of 0.001). It is easy to build a prediction model using GP because it has many advantages: to handle mathematical modelling is easy, special knowledge is not needed to search and constants. Each individual in the population is assigned a fitness value, which quantifies how well it performs in the problem environment. The fitness value is 13 computed by a problem dependent fitness function.
A typical implementation of GP involves the following steps.
15
(1) GP begins with a randomly generated population of solutions of size.
(2) A fitness value is assigned to each solution of the populations. (maybe 100% correct solution) is achieved. Otherwise, terminate the GP operation after a predefined number of generations. formance error of the discovered function on the experimental data set, i.e., a lower error must correspond to a higher fitness. The total performance error can be de-
21
fined for all the experimental data (i = 1, . . . , n) set as:
23 where X j represents the experimental data for element j and Y j represents the calculated data for element j. The running process stops when the error E is reduced 25 to an acceptable level (0.00001).
Results
27
Our representation GP was run for 500 generations with a maximum population size of 900. The operators (and selection probability) were: crossover with probability 0.8 29 and mutation with probability 0.01. The function set is (+, −, * , /, ln, log 2 , sin, cos), and the terminal set is (random constancy from 0 to 10, λ, T ). the "full" initial-
31
isation method was used with an initial maximum depth of 27, and tournament selection with a tournament size of 8.
33
Inputs training data are the wavelengths λ = 300-700 nm, and temperature T = 20, 25, 29, 34 in
• C. Each refractive index n corresponds to certain wave-
35
lengths λ at different temperature T . The discovered function (in the Appendix) has been trained to associate the input patterns to the target output patterns for the above wavelengths. Figure 2 illustrates the experimental and trained refractive 1 index. After running the GP, the discovered function has been used to predict the refractive index, corresponding to T = 40
• C with the same λ = 300-700 nm.
3 Figure 3 illustrates the experimental data and predicts the refractive index.
Conclusions
5
Genetic programming has been run to model the dispersion formula depending on the temperature. GP discovered a function which represents the dispersion formula the experimental data. Moreover, the discovered function is capable of predicting 1 experimental data for dispersion formula that are not used in the training session. Finally, we conclude that GP have become one of the important research areas in
